Taking into account the two-gluon condensate contributions, the transition form factors enrolled to the low energy effective Hamiltonian describing the semileptonic χ b0 → B c ℓν, (ℓ = (e, µ, τ )) decay channel are calculated within three-point QCD sum rules. The fit function of the form factors then are used to estimate the decay width of the decay mode under consideration.
I. INTRODUCTION
The quarkonia, especially the bottomonium bb states, are approximately non-relativistic systems since they do not contain intrinsically relativistic light quarks. Hence, these states are the best candidates to examine the hadronic dynamics and investigate both perturbative and non-perturbative characteristic of QCD. In the past, mainly theoretical calculations on the properties of these states had been made using potential model or its extensions like the Coulomb gauge model (see for instance [1] [2] [3] [4] [5] [6] and references therein). In [7] , both potential model and QCD sum rule approach have been applied to extract the groundstate decay constant of mesons containing heavy b quark. It is stated that the QCD sum rule technique gives more reliable and accurate determination of bound-state characteristics compared to the potential models by tunning the continuum threshold parameter. The QCD sum rule approach [8] is one of the most powerful and applicable tools to hadron physics.
This model has been widely applied to investigate the spectroscopy of hadrons and their electromagnetic, weak and strong decays. The obtained results have very good consistencies with the experimental data to date within the typical (10-20)% error bars of the technique.
The present work is dedicated to investigation of the semileptonic transition of scalar P wave bottomonium χ b0 (1P ) meson with quantum numbers I G (J P C ) = 0 + (0 ++ ) into the pseudoscalar B c meson. The χ b0 (1P ) state has been observed first in radiative decay of the Υ(2S) [9] and recently has been confirmed by ATLAS Collaboration [10] together with the higher χ b (2P ) and χ b (3P ) states. In the latter, these quarkonia states have been produced in proton-proton collisions at the Large Hadron Collider (LHC) at √ s = 7 T eV and through their radiative decays to Υ(1S, 2S) with Υ → µ + µ − . Our previous theoretical results [11] on the mass of these states done both in vacuum and finite temperature QCD are in good agreement with the experimental results [10] . Note that, we also have applied the QCD sum rules approach both in vacuum and finite temperature to investigate the spectroscopy of the pseudoscalar, vector and tensor quarkonia in [12] [13] [14] . As we know the masses and decay constants of the quarkonia, it is possible to investigate their electromagnetic, weak (leptonicsemileptonic) and strong decays. Considering such decay channels can help us obtain more information about the nature of the scalar χ b0 (1P ) meson as well as perturbative and nonperturbative aspects of QCD.
The layout of this article is as follows. In the next section, we derive the QCD sum rules for the form factors appearing in the amplitude of the semileptonic decay channel under consideration. To do so, we take into account the two-gluon condensates as the non-perturbative contributions to the correlation function. Section III is devoted to our numerical analysis of the obtained form factors and their behavior in terms of the transferred momentum squared. In this section, we also numerically estimate the decay width of the semileptonic χ b0 → B c ℓν decay mode. The last section encompasses our concluding remarks.
II. QCD SUM RULES FOR TRANSITION FORM FACTORS OF
The hadronic event under consideration can be described in terms of quark degrees of freedom by the process b → clν at tree-level, whose effective Hamiltonian can be written as:
where G F is the Fermi weak coupling constant and V cb is an element of the CabibboKobayashi-Maskawa (CKM) mixing matrix. The transition amplitude is obtained via
To proceed, we need to know the transition matrix element B c (p
whose vector part do not contribute due to parity considerations, i.e.,
The axial-vector part of transition matrix element can be parameterized in terms of form factors as
where f 1 (q 2 ) and f 2 (q 2 ) are transition form factors; and
Our main goal in the present section is to calculate the transition form factors applying the QCD sum rules technique. The starting point is to consider the following tree-point correlation function as the main ingredient of the model:
where T is the time ordering product, J Bc (y) = cγ 5 b and J χ b0 (x) = bUb are the interpolating currents of the B c and χ b0 mesons, respectively; and J product expansion (OPE). These two representations are then matched together, using the quark-hadron duality assumption, through a double dispersion relation to obtain the QCD sum rules for the form factors. As we deal with the ground states in this approach, we shall separate the ground state from the higher states and continuum. This is done by two mathematical operations called Borel transformation and continuum subtraction. Such transformations bring some auxiliary parameters namely two Borel mass parameters and two continuum thresholds for which we will find their working regions in the next section.
The phenomenological side of the correlation function is obtained inserting two complete sets of intermediate states with the same quantum numbers as the interpolating currents J Bc and J χ b0 . As a result, we obtain
where · · · represents the contributions coming from higher states and continuum. Besides the transition matrix elements defined previously, the matrix elements of interpolating current between the vacuum and hadronic states are parameterized in terms of the leptonic decay constants, i.e.,
Putting all expressions together, the final version of the phenomenological side of the correlation function is obtained as
where we will choose the structures P µ and q µ , to evaluate the form factors f 1 and f 2 , respectively.
At QCD side, the correlation function is calculated in deep Euclidean region by the help of the OPE. For this aim, we write the coefficient of each structure in correlation function as a sum of a perturbative (diagram a in figure 1 ) and a non-perturbative (diagrams b, c, d, e, f and g in figure 1 ) parts as follows:
where, the Π pert i
functions are written in terms of double dispersion integrals in the following way:
U γ5 where, ρ i (s, s ′ , q 2 ) are the spectral densities with i = 1 or 2. Applying the usual Feynman integral technique to the bare loop diagram, the spectral densities are calculated via Cutkosky rules, i.e., by replacing the quark propagators with Dirac delta functions:
implying that all quarks are real. After some calculations, the spectral densities are obtained as follows:
where
here also λ(s, s
is the number of colors. The integration region for the perturbative contribution in Eq. (11) (bare loop diagram) is determined requiring that the arguments of the three δ functions vanish, simultaneously. Therefore, the physical region in the s and s ′ plane is described by the following inequality:
For the non-perturbative part, we take into account the two-gluon condensate diagrams (b, c, d, e, f, g) in figure 1 . Here we should mention that we deal with the heavy quarks in the present work and the heavy quarks' condensates are suppressed by inverse of their masses, so we can ignore them safely. After lengthy calculations for the two-gluon condensates diagrams (b, c, d) correspond to the diagrams with two gluon lines coming out from different quark lines, we get
and 
Here v = −1 + x + y, r = −1 + x, t = −1 + 2x, w = 1 + x, f = −1 + y and z = −2 + y.
The explicit expressions for Θ
1,2,3,4 2
correspond to the structure q µ are too long, hence we do not present them here. In a similar way, we calculate the contributions of the diagrams (e, f, g) correspond to two gluon lines coming out from the same quark line. Because of their very lengthy expressions, we do not also depict their explicit form here, but we will take into account their contributions in our numerical results.
The next step is to equate the coefficients of selected structures from both sides in order to get sum rules for the form factors. After applying double Borel transformations with respect to the variables p 2 and p
to suppress the contributions of the higher states and continuum, the QCD sum rules for the form factors are obtained as:
where the operatorB denotes double Borel transformation. Note that to subtract contributions of the higher states and continuum, we also apply the quark-hadron duality assumption,
i.e.,
We also perform the double Borel transformation as follows:
• for the perturbative part, we usê
(20)
• For the non-perturbative part, first we make the transformation
to write the terms containing p ′ 2 in exponential form. Then we apply the following rule to transform the (p ′ 2 → M ′2 ):
where α is a function of quarks' masses as well as the parameters used in Feynman parametrization.
III. NUMERICAL RESULTS
In this section, we numerically analyze the related form factors, obtain their fit function in terms of q 2 and estimate the decay width of the channel under consideration. In calculations,
we use the input parameters as presented in table I.
The sum rules for the form factors denote that they also depend on four auxiliary parameters, namely continuum thresholds s 0 and s 
TABLE I. Input parameters used in our calculations [9, 11, 15, 16] .
fact that the result of the physical quantities (form factors) should weakly depend on these parameters, we choose the intervals s 0 = (97.7 − 99.2) GeV 2 and s guarantees the reliability of the sum rules and isolation of the ground state from the excited states and continuum.
Our calculations show that the form factors are truncated at q 2 ≃ 9 GeV 2 (see figure 4 ).
After this point up to the higher limit of the q 2 , the sum rules predictions are not reliable (for details see for instance [17, 18] ). However, we need their fit functions in the whole physical region, m 
where, the values of the parameters a, b and m f it obtained using M 2 = 25 GeV 2 and M ′ 2 = 15 GeV 2 for the χ b0 → B c ℓν channel are given in table II. We depict the dependence of form factors f 1 and f 2 on q 2 obtained directly from the sum rules as well as the fit parametrization at whole physical region in figure 4 . In the case of sum rules predictions, we present the perturbative, non-perturbative and total contributions in this figure. Having obtained the behavior of the form factors in terms of q 2 at whole physical region, we would like to calculate the decay width of the process under consideration. Using the amplitude previously discussed, the differential decay width for χ b0 → B c ℓν is obtained in terms of form factors as: in table III are due to uncertainties in determination of the working regions for continuum thresholds and Borel mass parameters as well as errors of the other input parameters.
IV. CONCLUSION
In the present work, we studied the semileptonic χ b0 → B c ℓν, (ℓ = (e, µ, τ )) decay channel within the framework of the three-point QCD sum rules. In particular, taking into account the two-gluon diagrams as non-perturbative contributions, we obtained the QCD sum rules for the form factors entered the transition matrix elements. After obtaining the working regions for the auxiliary parameters, we found the behavior of the form factors in terms of 
